The synthesis of inorganic materials has been revolutionized by the impact of (soft) chemical approaches that allow us to precisely tune the composition, morphology, and microstructure of the extended solidstate materials produced.
Traditional methods of synthesizing and processing inorganic materials were designed to overcome intrinsic energy barriers such as slow reaction states and large diffusion path lengths. Empirically, the supply of energy was optimized through several intermittent grinding (mechanical) and heating (thermal) steps. Although successfully applied to bulk materials, these top-down methods have limited application in the synthesis of nano-sized materials, which demand recipes to synthesize crystalline phases at lower temperatures. To overcome thermodynamic impediments, several bottom-up procedures based on the application of molecular precursors have been employed, which have successfully reduced diffusion lengths and produced welldefined materials under milder conditions. However, synthetic methods for transferring the short-range chemical order present in the precursor state to infinite correlation lengths in three dimensions are not well understood, and they drastically restrict the predictability of inorganic syntheses when compared to the domain of organic materials. 1 Nevertheless, a large number of examples have appeared in recent years that demonstrate the ability of chemistry and chemists to produce nanomaterials with controlled properties through the rational design and tuning of process parameters. [1] [2] [3] [4] [5] [6] [7] [8] An over-simplified representation of the bottleneck of material synthesis is shown in Figure 1 . In the first case, the outcome of the reaction (OUT 1-3) is ungoverned, implying that the reaction parameters will lead to products accessible within the thermodynamic space with almost equal probability. As a result, abnormal grain growth, de-mixing of elements, phase segregation, and the formation of side-products, are unavoidable: see Figure 1 (a).
We are using discrete chemical precursors as molecular seeds to grow nanomaterials by inducing positional control on phase- building elements. This approach offers channeled output and the possibility of tuning the chemical parameters to achieve a chemically-controlled synthesis of the material of interest. Essentially, this is a strategy to enhance the probability of the desired reaction while simultaneously reducing the likelihood of unwanted reactions, see Figure 1 (b).
The success of this chemical route to nanomaterials is due to the molecular precursors: these transform into solid phases at much lower temperatures than those required for conventional procedures. Since the elements are chemically linked, diffusion is either not necessary or the path lengths are too short, which augments the advantages of chemical processing. For instance, perovskite BaZrO 3 could be prepared in nanocrystalline and monophasic form at 600
as the molecular precursor (see Figure 2) . On other hand, higher temperatures (> 1000 • C) would be required to process the solidsolution of Ba and Zr salts, the final product of which would contain undesired phases (BaO, ZrO 2 and Ba 2 ZrO 4 ). 9 We have shown that solid-state structures can be templated using well-defined molecular clusters containing metallic elements in ratios compatible with targeted compositions. 1 The predefined metal-ligand interactions facilitate the growth of nanomaterials by lowering the nucleation barriers. Soft-chemistry methods allow the selective synthesis of metastable compounds. For example, GdFeO 3 (perovskite) is difficult to synthesize because of the easier formation of the thermodynamically favorable Gd 3 duced uniform nanocrystals of GdFeO 3 - Figure 3 (c) and (d)-that were found to be stable up to 1200
• C (the transformation into the garnet phase usually occurs above 900
• C). Figure 5 ( a)). 12 Upon illumination with UV photons (370nm), the nanowires exhibit interesting photo-conductance that can be modulated by tuning the wire diameter. This has been demonstrated for samples with radial dimensions in the 50-1000nm range. The stable photo-response of SnO 2 samples over several on-off cycles-shown in Figure 5 (b)-demonstrates their potential for application in UV detectors or optical switches. Here the nanowires can act as resistive elements whose conductance changes via charge-transfer processes.
In the context of the chemical design of inorganic materials, the challenge is to develop a customized assembly of molecular building blocks that would facilitate synthesis of suitable precursors to any desired nanomaterial. To demonstrate the strength of chemical methods in achieving better control over phase purity and the composition of the final materials, we would like to have insight into the transformation of chemical properties (bond type and order, coordination state, auxiliary ligands, etc.) from the moleculular to the material level. The application of quantum-mechanical calculations is a viable way of addressing the design aspects of inorganic material synthesis. However, this is not trivial due to the uncertainties associated with the Continued on next page validity of synthetic procedures for delivering solids with the desired compositions and properties.
In summary, chemistry offers a great deal of potential and promise, more than may be apparent today, for the materials of tomorrow. The chemistry/materials-science interface is highly fertile ground on which to grow new materials by design, and to impose precise control over composition, structure, and property (see Figure 6 ).
